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ABSTRACT
The prevalence of outflow and feedback signatures in active galactic nuclei (AGN)
is a major unresolved question which large integral field unit (IFU) surveys now al-
low to address. In this paper, we present a kinematic analysis of the ionised gas in
2778 galaxies at z ∼ 0.05 observed by SDSS-IV MaNGA. Specifically, we measure the
kinematics of the [OIII] λ5007A˚ emission line in each spatial element and fit multiple
Gaussian components to account for possible non-gravitational motions of gas. Com-
paring the kinematics of the ionised gas between 308 MaNGA-selected AGN that have
been previously identified through emission line diagnostics and sources not classified
as AGN, we find that while 25% of MaNGA-selected AGN show [OIII] components
with emission line widths of > 500 km s−1 in more than 10% of their spaxels, only
7% of MaNGA non-AGN show a similar signature. Even the AGN that do not show
nuclear AGN photoionisation signatures and that were only identified as AGN based
on their larger scale photoionisation signatures show similar kinematic characteristics.
In addition to obscuration, another possibility is that outflow and mechanical feedback
signatures are longer lived than the AGN itself. Our measurements demonstrate that
high velocity gas is more prevalent in AGN compared to non-AGN and that outflow
and feedback signatures in low-luminosity, low-redshift AGN may so far have been
underestimated. We show that higher luminosity MaNGA-selected AGN are able to
drive larger scale outflows than lower luminosity AGN. But estimates of the kinetic
coupling efficiencies are  1% and suggest that the feedback signatures probed in
this paper are unlikely to have a significant impact on the AGN host galaxies. How-
ever, continuous energy injection may still heat a fraction of the cool gas and delay or
suppress star formation in individual galaxies even when the AGN is weak.
Key words: galaxies: active – techniques: imaging spectroscopy – techniques: spec-
troscopic
1 INTRODUCTION
The energy output of actively accreting supermassive black
holes (active galactic nuclei, AGN) has become a critical
ingredient in modern galaxy formation theories. Powerful
AGN (quasars, Lbol > 1045 erg/s) can heat and photo-ionise
gas tens of kiloparsecs away, and even well into the circum-
galactic medium (Johnson et al. 2015; Rudie et al. 2017)
in a process known as radiative feedback. Furthermore, ra-
? E-mail: dwylezal@eso.org
diatively driven nuclear winds (Murray et al. 1995) or jets
can launch galaxy-wide outflows. Such mechanical feedback
processes can aide in establishing the black hole vs. bulge
correlations, can effectively quench star formation activity,
and – most importantly – set the upper limit to the masses
of galaxies (Ferrarese & Merritt 2000; Croton et al. 2006;
Fabian 2012; Kormendy & Ho 2013, e.g.). However, con-
straining the power and reach of such feedback processes
exerted by black holes onto their hosts remains a major un-
resolved issue in modern extragalactic astrophysics.
The critical role of quasars in galaxy formation was
© 2017 The Authors
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hypothesised two decades ago (Silk & Rees 1998), yet
this paradigm only recently obtained observational support,
much of it on the basis of IFU observations (Rupke &
Veilleux 2011; Liu et al. 2013; Harrison et al. 2014; Carniani
et al. 2015). There is increasing evidence that in powerful
AGN the main interaction with the gas is through winds,
which are inhomogeneous, complex multi-phase phenomena,
with different gas phases observable in different spectral do-
mains (Heckman et al. 1990; Veilleux et al. 2005). Most of
our current knowledge about AGN-driven outflows comes
from mapping the kinematics of the warm ionized gas phase
via optical emission lines such as [O III] 5007 A˚. The signa-
ture of galaxy-wide winds is that of gas on galactic scales
moves with velocities inconsistent with a dynamical equilib-
rium with the host galaxy or disk rotation (Rupke & Veilleux
2013b; Liu et al. 2013; Wylezalek et al. 2016, 2018).
Integral field unit (IFU) surveys now offer new possi-
bilities in characterising outflow signatures for statistically
significant samples. The SDSS-IV (Blanton et al. 2017) sur-
vey Mapping Nearby Galaxies at APO (MaNGA; Bundy
et al. 2015; Drory et al. 2015; Law et al. 2015; Yan et al.
2016b,a; Wake et al. 2017) is a new optical fibre-bundle IFU
survey and will obtain IFU observations of 10,000 galaxies
at z . 0.1 over the next few years, allowing an extensive
investigation of the spatial dimension of galaxy evolution.
The goals of the survey are to improve the understanding
on the processes involved in galaxy formation and evolution
over time.
MaNGA also allows to take full advantage of the spatial
dimension of AGN ionisation signatures (Penny et al. 2017;
Rembold et al. 2017; Sanchez et al. 2017; Wylezalek et al.
2017, 2018). Wylezalek et al. (2018) have recently developed
spatially resolved techniques tailored to the MaNGA data
for identifying signatures of AGN. Out of 2778 galaxies in
the parent sample, they identify 303 AGN candidates which
show signatures of gas ionised by relatively hard radiation
fields inconsistent with star formation. While the authors
show that ∼ 10% of low redshift galaxies currently host low-
to intermediate-luminosity AGN based on photoionisation
diagnostics, it remains unclear if and to what extent these
AGN impact the gas kinematics through AGN-driven winds.
Additionally, Wylezalek et al. (2018) show that about a third
to half of the MaNGA-selected AGN candidates would not
have been selected based on the SDSS-III single-fibre ob-
servations since AGN ionisation signatures are only preva-
lent beyond the 3 arcsec coverage of the single-fibre spectra.
Reasons for such signatures can be manyfold (heavy circum-
nuclear obscuration, off-nuclear AGN, dominant nuclear SF
signatures, relic AGN) and are currently under investigation.
A particularly intriguing possibility is that some of the
AGN candidates are relic AGN. In such objects the nuclear
activity subsided some time ago, but the photo-ionisation
signatures at large distances persist for 104 − 105 years due
to light-travel delays and radiative timescales of emitting gas
(Lintott et al. 2009; Schawinski et al. 2015b; Sartori et al.
2016; Keel et al. 2017). In relic AGN, kinematic signatures
of previous AGN activity may be longer lived than nuclear
photoionisation signatures (Ishibashi & Fabian 2015). Inves-
tigating the ionised gas kinematics in currently active AGN
with nuclear AGN signatures and relic AGN candidates is
therefore of great interest with respect to outflow timescales
and outflow propagation.
In this paper, we investigate the prevalence of ionised
gas outflow signatures in MaNGA-selected AGN. This
work focuses on a detailed kinematic analysis of the
[O III]λ4959,5007A˚ doublet. We first develop a spaxel-based
fitting algorithm allowing broad secondary components in
the emission line profile to be accounted for. Our goal is
to improve on the kinematic measurements previously made
by the survey pipeline and use them in conjunction with
a sample of independently identified AGN candidates from
Wylezalek et al. (2018).
The paper is organised as follows: Section 2 intro-
duces the MaNGA survey and structure of the available
data. Section 3 presents the spectroscopic fitting procedure,
while Section 4 presents the kinematic analysis. In Sec-
tion 5 we discuss the identification of ionised gas outflow
signatures and their prevalence in MaNGA-selected AGN
and non-AGN. In Section 6 we present our conclusions. To
statistically compare distributions, we use the two-sample
Kolmogorov-Smirnov test and report p, the probability of
the null hypothesis that the two samples are drawn from
the same distribution. Low p values (p < 0.01) mean that
the two samples are statistically different. Throughout the
paper we use H0 = 72 km s−1 Mpc−1, Ωm = 0.3,ΩΛ = 0.7.
2 DATA
2.1 The MaNGA Survey and Data Products
Mapping Nearby Galaxies at Apache Point Observatory
(MaNGA) is a spectroscopic survey as part of the Sloan Dig-
ital Sky Survey-IV (SDSS-IV). MaNGA is a two-dimensional
spectroscopic survey that uses Integral Field Unit (IFU)
observations to take multiple spectral observations of each
galaxy in the 3,600 – 10,000A˚ range using the BOSS Spec-
trograph (Gunn et al. 2006; Smee et al. 2013) at R ∼ 2000.
Fibers are arranged into hexagonal groups, with bundle sizes
ranging from 19 – 127 fibres, depending on the apparent size
of the target galaxy (which corresponds to diameters rang-
ing between 12′′ to 32′′), leading to an average footprint
of 400 − 500 arcsec2 per IFU. The fibres have a size of 2′′
aperture (2.5′′ separation between fibre centres), which at
z ∼ 0.05 corresponds to ∼ 2 kpc, although with dithering
the effective sampling improves to 1.4′′. The current data
release DR14 (Abolfathi et al. 2018) contains 2778 galaxies
at 0.01 < z < 0.15 with a mean z ∼ 0.05. Over the next three
years, MaNGA will have obtained observations of ∼10,000
galaxies at z <∼ 0.15 and with stellar masses > 109M.
The MaNGA Data Reduction Pipeline (DRP) produces
sky-subtracted spectrophotometrically calibrated spectra
and rectified three-dimensional data cubes that combine in-
dividual dithered observations (for details on MaNGA data
reduction see Law et al. 2016) with a spatial pixel scale of
0.5 ′′ pixel−1. The median spatial resolution of the MaNGA
data is 2.54 ′′ FWHM while the median spectral resolu-
tion is ∼ 72 km/s (Law et al. 2016). The MaNGA Data
Analysis Pipeline (DAP, Yan et al. 2016b; Westfall 2017)
is a project-led software package used to analyse the data
products provided by the MaNGA DRP, providing the col-
laboration and public with survey-level quantities, such as
stellar-population parameters, kinematics and emission-line
properties for 21 different emission lines. To make these cal-
culations, the DAP first fits the stellar continuum using the
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Penalized Pixel-Fitting method (pPXF, Cappellari & Em-
sellem 2004; Cappellari 2017) and then subtracts the best-
fitting stellar continuum from the observed data before fit-
ting single Gaussians to the emission lines, allowing for ad-
ditional subtraction of a non-zero baseline. The final fitting
model, emission line fit, and baseline fit are all available via
the ‘MODEL,’ ‘EMLINE,’ and ‘EMLINE BASE’ extensions
respectively in the DAP logcube files.
2.2 Samples
The work in this paper is based on the Data Release 14
(DR14) which consists of data cubes for 2778 galaxies for
2727 unique objects. The aim of this work is to compare
the kinematic characteristics of the [OIII] emission line for
MaNGA-selected AGN and non-AGN in the MaNGA sam-
ple. In optical surveys, emission line flux ratios and diag-
nostic diagrams are the most common way to identify AGN
(Baldwin et al. 1981; Osterbrock 1989; Zakamska et al. 2003;
Kauffmann et al. 2003; Kewley et al. 2006; Reyes et al. 2008;
Yuan et al. 2016). But a major caveat of large optical spec-
troscopic surveys such as the Sloan Digital Sky Survey (prior
to MaNGA) is the small size of the optical fibres which, at
3′′ diameter (in the case of SDSS-I to SDSS-III surveys),
only cover a fraction of the footprint of a galaxy and are
only sensitive to processes close to the galactic center.
Wylezalek et al. (2018) recently developed spatially re-
solved techniques for identifying signatures of active galactic
nuclei tailored to MaNGA IFU data identifying 303 AGN
candidates. A minor update to the selection code 1 has in-
creased the sample to 308 sources which we adopt as the
‘AGN’ sample in this work (see Table 1). We furthermore
refer to remaining MaNGA galaxies as ‘non-AGN’. While
LINER-like (‘low ionisation nuclear emission line region’)
galaxies can be associated with a number of ionisation mech-
anisms such as weakly ionising AGN (Heckman 1980), shock
ionisation (either related to star-forming processes in inac-
tive galaxies or AGN activity) or photo-ionisation through
hot evolved stars, the algorithm developed by Wylezalek
et al. (2018) was tailored to select the most likely AGN
among LINER-like galaxies. This has been achieved using
combination of spatially resolved line diagnostic diagrams,
assessing the significance of the deviation from the star for-
mation locus in line diagnostic diagrams and applying ad-
ditional cuts on Hα surface brightness and Hα equivalent
width.
Some of the AGN candidates selected by Wylezalek
et al. (2018) would not have been identified based on the
single-fibre nuclear spectra alone. This is either because the
AGN is hidden behind large columns of dust in the galactic
center, because the AGN has recently turned off and relic
AGN signatures are only visible at larger distances, because
the AGN is offset after a recent galaxy merger, or because
a circumnuclear starburst overwhelms nuclear AGN signa-
tures (Wylezalek et al. 2018). Based on the MaNGA mea-
1 This minor update regards the inclusion of a few ‘borderline’
objects related to the precision with which dBPT , the distance be-
tween Seyfert/LINER-classified spaxels in the BPT diagram and
the star formation demarcation line, is measured (see Wylezalek
et al. (2018) for more details).
surements in the inner 3′′ (similar to the single fibre classifi-
cations of SDSS I-III), 109 out of the 308 MaNGA-selected
AGN would be classified as star-forming (SF) galaxies, 84
sources would be classified as ‘Seyfert’ galaxies, i.e. AGN,
and 91 sources would be classified as LINER-like galaxies.
In the remaining part of the paper, we refer to these sub-
samples as Seyfert-AGN (84 sources), SF-AGN (109 sources)
and LINER-AGN (91 sources). The 24 remaining galaxies
could not be classified based on their central emission line
signatures due to one or more needed emission lines not ful-
filling the required S/N criteria (see Wylezalek et al. 2018,
for the details of the selection). In the remaining part of the
paper, we do not include these galaxies when assessing the
differences between the individual ‘types’ of AGN.
We note that this AGN selection is different to the ones
used in Rembold et al. (2017) or Sanchez et al. (2017) who
both present results on AGN in MaNGA. The main differ-
ence in the sample selection is that both of these works only
use the photoionisation signatures in the central region of
the galaxies to classify a galaxy as an AGN candidate. Rem-
bold et al. (2017) uses the SDSS-III spectroscopic data from
DR12 based on the 3′′ single-fibre measurements whereas
Sanchez et al. (2017) uses the MaNGA spectroscopic infor-
mation in the central 3′′ × 3′′ region analysed and measured
with the PIPE3D pipeline (Sa´nchez et al. 2016). Their AGN
samples contain 62 and 98 AGN candidates, respectively.
The differences in the sample selection lie in the exact choice
of diagnostic diagrams and equivalent width cuts. For exam-
ple, while Rembold et al. (2017) employ a cut of 3A˚ on the
equivalent width of Hα, Sanchez et al. (2017) use a more
relaxed criterion of only 1.5A˚. These differences lead to dif-
ferent and less/more sources being selected as AGN can-
didates. The overlap between the Wylezalek et al. (2018)
and Rembold et al. (2017) samples is 37 sources, the over-
lap between the Wylezalek et al. (2018) and Sanchez et al.
(2017) samples is 44 sources and the overlap between the
Rembold et al. (2017) and Sanchez et al. (2017) samples is
37 sources. In Comerford et al. (submitted), we explore the
overlap between optical and radio selected AGN in MaNGA
and are furthermore exploring the implications for BPT and
Hα selection of AGNs in a subsequent paper (Negus et al.,
in prep.).
3 METHODS
3.1 Spectral Fitting
In this paper, all kinematic calculations are made based
on fits of the emission lines of the [OIII] doublet line at
5008/4960A˚. All SDSS data, including MaNGA, are stored
at vacuum wavelengths (Morton 1991) but we use air wave-
lengths to identify emission lines following the long-standing
convention. In AGN, a large fraction of the [OIII] emission
originates in the narrow-line regions surrounding the AGN
(e.g. Kewley et al. 2006; Liu et al. 2013). Being a forbidden
line, it can therefore trace the low-density AGN-ionised gas
even out to galaxy-wide scales of several kiloparsecs (Liu
et al. 2013). [OIII] is easily observable from the ground for
low to intermediate redshift AGN and it is widely used as a
gas (outflow) tracer in low- and intermediate-redshift AGN
(Crenshaw et al. 2010, 2015; Lena et al. 2015; Fischer et al.
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2017; Rupke et al. 2017), making our measurements easily
comparable with other works.
We develop a customised fitting procedure to model the
[OIII] doublet and potential secondary and/or broad com-
ponents in the line. We first extract the spectra for each
spaxel from the DAP Logcube files using the ‘FLUX’ exten-
sion, providing the flux density in units of
10−17erg
s cm2 A˚ spaxel
and
then subtract the modelled stellar continuum (see Section
2.2) using the other Logcube extensions. We then also mea-
sure the flux-level blue- and red-ward of the Hβ + [OIII] line
complex to subtract any additional continuum contributions
using a linear function of wavelength that might not have
been accounted for. We further adopt the spectroscopic red-
shifts from the NASA Sloan Atlas (NSA) catalogues that
are based on the single-fibre measurements to correct the
spectra to the rest-frame of the galaxy.
The MaNGA Data Analysis pipeline performs single
Gaussian fitting on a number of selected, bright emission
lines in all spaxels. However, a single Gaussian is often in-
sufficient for describing the profile of the [OIII] line, and in
particular such a fit would fail to capture a secondary broad
component characteristic of outflowing gas. To evaluate the
prevalence of additional kinematic components in MaNGA-
selected AGN, we therefore allow multiple Gaussian compo-
nents to be fit to the emission lines. In the fitting process, we
fit the two transitions of the [OIII] doublet simultaneously
and assume they share the same kinematics. We furthermore
fix the ratio between the amplitude of the 5008A˚ peak and
the 4960A˚ peak to its quantum value of 2.98. The fitting
procedure uses least squares regression to return best-fit pa-
rameters for the single-Gaussian and double-Gaussian mod-
els. We evaluate the goodness of the fit based on its χ2 value
and use the fit that both minimises the number of Gaussian
components and its χ2. While in the 2-dimensional maps we
show all spaxels where the signal-to-noise ratio of the [OIII]
emission lines S/N > 3, we only use spaxels with S/N > 10
in the subsequent analysis part of this paper. In Figure 1
we show an example fit to a spaxel in the MaNGA galaxy
8715-3702 where our multiple component Gaussian fitting
describes the line profile more accurately than the standard
single Gaussian fit.
3.2 Non-Parametric Values
When spectra can be well described based solely by single
Gaussian fits, then the calculation of best fit parameters
such as velocity dispersion σ, full width at half maximum
(FWHM), amplitude are sufficient to describe the kinematic
properties of the emission line in that spaxel. This is not the
case when multiple Gaussians are used to describe the line
profile. Because the sum of multiple gaussians is used in some
spaxels, we calculate non-parametric values based on per-
centages of the total integrated flux and follow the measure-
ment strategy presented in Zakamska & Greene (2014) and
Liu et al. (2013) (see also Whittle 1985) to determine am-
plitudes, centroid velocities and emission line widths. Such
non-parametric measurements do not strongly depend on a
specific fitting procedure.
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Figure 1. An example fit for a spaxel in MaNGA galaxy 8715-
3702. The spectrum after subtraction of the stellar continuum is
shown in red, the single gaussian fit is shown in blue, and the
multi-Gaussian fit is shown in green. While the single Gaussian
fit (blue) misses the broad wings in the line profile, the multi-
Gaussian fit provides a much more accurate description of the
line profile and its associated kinematic properties.
The cumulative flux as a function of velocity is
Φ(v) =
∫ v
−∞
Fv(v′)dv′ (1)
and the total line flux is given by Φ(∞). In practice, we
use the interval [-2000,2000] km s−1 in the rest-frame of the
galaxy for the integration. For each spaxel, we compute the
line of sight velocity vmed where Φ(vmed) = 0.5 · Φ(∞), i.e.
this is the velocity that bisects the total area underneath
the emission-line profile. Because the fitting is performed
in the rest frame of the galaxy as determined by its stellar
component, vmed is measured relative to the restframe. We
use the W80 parameter to parameterise the velocity width
of the line. W80 refers to the velocity width that encloses
80% of the total flux. For a purely Gaussian profile, W80 is
close to the FWHM but the non-parametric velocity width
measurements are more sensitive to the weak broad bases
of non-Gaussian emission line profiles (Liu et al. 2013). We
first determine v90 such that Φ(v90) = 0.9 ·Φ(∞) and v10 such
that Φ(v10) = 0.1 · Φ(∞) and then calculate W80 using
W80 = v90 − v10.
3.3 Kinematic and Division Maps
Having performed the fitting and analysis procedure de-
scribed in Section 3.1 and 3.2 in all spaxels of MaNGA-
selected AGN candidates, we create two-dimensional maps
for the following quantities:
(i) The total flux measured for [OIII]5008A˚,
(ii) The non-parametric line-of-sight velocity vmed,
(iii) The non-parametric velocity width W80,
(iv) The number of Gaussians used for each fit determined
based on the χ2 analysis,
(v) The reduced χ2 statistic of the best fit in each spaxel.
The MaNGA survey team has already made velocity
dispersion calculations σDAP based on a single gaussian fits
MNRAS 000, 1–17 (2017)
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Figure 2. Example maps for three MaNGA galaxies 8715-3702, 8459-6102 and 8978-9101. We show the SDSS composite gri optical (top
left), the [OIII] flux density (Logarithmic, top center), the median velocity vmed (top right), the multi-Gaussian-based W80 measurements
(lower left), the reference, single-Gaussian-based W80,DAP values based on the MaNGA Data Analysis Pipeline fits (lower center), and
the divisional values
W80
W80,DAP
(lower right). All images and maps are orientated North-up, East-left.
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to the [OIII] emission lines in each spaxel. In order to as-
sess how well these single Gaussian fits describe the lines
and how the velocity dispersion based on the single Gaus-
sian fits compares to the dispersion derived in this work,
we generate ‘division maps’ for every galaxy in the survey.
The ‘division maps’ report the fractional difference in ve-
locity dispersion when comparing the single Gaussian fits
to our measurements. To achieve a fair comparison, we first
compute the non-parametric velocity dispersion W80 for the
single Gaussian fits from the MaNGA DAP. As mentioned
above, for a purely Gaussian profile, W80 is closely related
to the FWHM and therefore to its velocity dispersion, such
that:
W80,DAP = 1.088 · FWHMDAP = 1.088 · 2.35σDAP = 2.56 · σDAP
(2)
We then divide the W80 value derived from our multi-
Gaussian customised fitting procedure described above by
the corresponding DAP single-Gaussian based W80,DAP
value in each spaxel. This results in a two-dimensional map
for each galaxy reporting divisional values (i.e. fractional
differences in velocity line width measurements) across the
galaxy. Values in this map ∼ 1 identify the spaxels where
our fits, either single or double, are similar to the DAP ones,
while higher values flag the spaxels where the double Gaus-
sian fit captured a secondary component in the emission line
missed by the DAP. In the subsequent analysis, we utilise
these maps to assess the prevalence of additional kinematic
ionised gas components in MaNGA galaxies and MaNGA-
selected AGN.
In Figure 2 we show three examples of these maps, in-
cluding the galaxy 8715-3702 already shown in Figure 1.
For each source, we show the SDSS composite image, the
[OIII] flux density, the median velocity vmed, the multi-
Gaussian-based W80 measurements, the single-Gaussian-
based W80,DAP and the divisional values. We note that the
number of spaxels with valid values might differ between the
W80,DAP map and the maps based on the here developed fit-
ting routine. This is because we are only reporting measured
quantities in pixels with a S/N of the [OIII] emission line of
> 3 which might differ slighly from the DAP ‘good’ spax-
els. Object 8715-3702 (top source) is classified as a Seyfert-
AGN with high W80 measurements of ∼ 1000 km/s while
the W80,DAP measurements are significantly lower. This dif-
ference is reflected in the ‘division map’ where the enhanced
velocity line width in the North-West and East of the galaxy
is apparent. Objects 8459-6102 (centre source, classified as a
regular star-forming galaxy) and 8978-9101 (bottom source,
classified as LINER-AGN) both show a low gas velocity
width and little difference between the W80 and W80,DAP
measurements. That means that most fits are consistent
with the single-Gaussian fit results suggesting that no or
little enhanced gas kinematics are present in these sources.
4 RESULTS
4.1 Absolute Kinematic Comparison
We first perform an absolute kinematic comparison by as-
sessing the distribution of W80 values in all MaNGA galax-
ies and in the AGN samples. Figure 3 shows the distribu-
tion of all W80 measurements in every fitted spaxel of ev-
ery MaNGA galaxy. We also separately show the distribu-
tions of the MaNGA-selected AGN and in non-AGN galax-
ies. The distribution peaks at ∼ 200 km s−1 which corre-
sponds to typical gas velocity widths in galaxies with masses
of 1010−11 M. Additionally, we observe a heavily skewed tail
towards large velocity widths, which is enhanced in MaNGA-
selected AGN, indicative of kinematic peculiarities (Nelson
2000; Kewley et al. 2006).
In Figure 4 we show the distribution of the mean
W80 measurements 〈W80〉 for all galaxies, for the MaNGA-
selected AGN and the three different MaNGA-AGN sub-
samples, SF-AGN, LINER-AGN and Seyfert-AGN. For this
analysis we only include galaxies in which at least 10% of
the spaxels have valid [OIII] emission line measurements,
i.e. a peak S/N > 10. This cut was chosen to ensure that
[OIII] is detected in a significant enough number of spaxels
and to be able make meaningful conclusions about the [OIII]
behaviour in these galaxies. In total, 1116 MaNGA galaxies
and 159 MaNGA-selected AGN fulfill this criterion.
For every galaxy, we furthermore measure the 75th per-
centile of their W80 distributions W80,75th. In Figure 5 we
show the distribution of the W80,75th measurements for all
galaxies, for the MaNGA-selected AGN and the three differ-
ent MaNGA-AGN subsamples, SF-AGN, LINER-AGN and
Seyfert-AGN.
A two-sample Kolmogorov-Smirnov (KS) test shows
that the 〈W80〉 distributions of the MaNGA-selected AGN,
the SF-AGN, LINER-AGN and Seyfert-AGN are signifi-
cantly different from the total distribution. We repeat the
analysis comparing the distribution of the MaNGA-selected
AGN subsamples with only the non-AGN MaNGA galaxies
and find similarly significant results. We report the mea-
surements for 〈W80〉 and W80,75th in Table 1 and the p-
statistic value of the KS-tests in Table 2. To investigate if
these results are driven by any unaccounted bias, we ran-
domly select 100 galaxies from the full sample and repeat
the statistical comparison. A KS-test comparing the full and
random galaxy sample results in a high p-value of p = 0.47
and shows that the W80 distribution of the randomly se-
lected galaxy sample is drawn from the same distribution
as the full MaNGA sample. We conclude that the statistical
difference between the AGN and AGN-subsamples to the
full MaNGA W80 distribution is indeed intrinsic and that
the kinematic properties of the MaNGA-selected AGN is
distinct from the overall MaNGA distribution.
To further illustrate this point, we compute the number
of galaxies in which at least 10% of the spaxels show W80 val-
ues of W80 > 500/800/1000 km s−1. A total of 257/112/37
galaxies pass this cut. In the MaNGA-selected AGN sam-
ple, 77/21/7 (25/7/2%) of the galaxies pass this cut while
only 180/91/30 (7/4/1%) of the remaining MaNGA galax-
ies do. Similarly, there are 13 MaNGA-selected AGN with
〈W80〉 > 500 km s−1 (4%) and only 20 non-AGN with
〈W80〉 > 500 km s−1 (< 1%). The fractions were computed
using the full MaNGA and MaNGA AGN sample as base-
line, i.e. 2778 and 308 sources, respectively. Using the num-
ber of galaxies that initially passed our quality cut (at least
10% of the spaxels need to have an [OIII] line measurement
with S/N>10) as baseline, i.e. 1116 and 159 sources, respec-
tively, leads to the same conclusion: Two to three times as
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Figure 3. The distribution of W80 measurements across all spax-
els in all 2778 MaNGA galaxies (black), the MaNGA-selected
AGN (red) and non-AGN (green). The small number of values
below 150 km/s are removed as they are at the limit of the instru-
mental resolution of the survey and not physically meaningful. Of
particular interest is the largely skewed tail to values above ˜500
km/s, which is significantly enhanced for the MaNGA-selected
AGN (p−value of KS-test < 10−200), indicative of enhanced kine-
matics potentially related to current or previous AGN activity.
many MaNGA selected AGN show enhanced [OIII] kinemat-
ics compared to the non-AGN in MaNGA.
4.2 Proportional Comparison
While the ‘Absolute Kinematic Comparison’ presented
above is sensitive to sources in which large values of W80
are observed, many outflow candidates and kinematically
peculiar sources would not be selected. In low- and interme-
diate luminosity AGN driving outflows, the measured gas
velocity widths are often on the order of the velocity widths
expected of regular disk rotation (Greene & Ho 2005; Bar-
bosa et al. 2009; Fischer et al. 2017; Wylezalek et al. 2017).
In such sources, outflowing components can be better iden-
tified when broad, blue-shifted components are present in
the relevant emission lines, [OIII] in our case. To quantify
the prevalence of such components, we analyse the difference
between the velocity width maps provided by the MaNGA
Data Analysis Pipeline (based on single Gaussian fits) and
the velocity width maps derived in this work using the ‘Di-
vision Maps’ that report the fractional change between the
pipeline velocity width and the here derived velocity width.
In order to quantitatively assess the differences be-
tween the single-Gaussian-based and multi-Gaussian-based
velocity widths, we measure the fraction of spaxels in each
galaxy for which the ratio between the single-Gaussian-
based and multi-Gaussian-based velocity width exceeds a
defined threshold. We define c as the threshold constant and
show the distribution of spaxel fractions for c = 1.25 in Fig-
ure 6. The figure shows the distribution of the fraction of
spaxels F per galaxy with W80 > 1.25 · W80,DAP. Due to
low number statistics we here do not repeat the analysis for
the different AGN subsamples. The results of the two-sided
KS-test comparing the overall, non-AGN and AGN distri-
butions to that of the full MaNGA sample are reported in
Table 2. The KS-test shows very low p-values when compar-
ing the AGN distribution to the full MaNGA and/or non-
AGN distribution, showing that the kinematic properties in
these sources are distinct. Visually inspecting the distribu-
tions, we note that indeed most of the differences between
the AGN distribution and the overall MaNGA distribution
lies in the high spaxel fraction tail. This shows that not
only does the distribution of the AGN sample differ from
the overall MaNGA distribution, but that MaNGA-selected
AGN show on average more spaxels where multiple Gaus-
sian components were needed to describe the [OIII] emission
line profile.
This trend is further quantitatively validated by intro-
ducing the following cut. We select galaxies where at least
25% of the host galaxy’s spaxels demonstrated at least a 25%
increase (this corresponds to c = 1.25) of their measured W80
values compared to W80,DAP . A 25% increase is chosen to
reflect areas of significant change, and 25% of spaxels are
required to limit the number of galaxies to a manageable
amount while still identifying interesting sources. A total of
237 galaxies pass this cut out of 2778 total. 36 (11.6%) of
the galaxies in the AGN sample pass this cut compared to
only 237 (9.5%) of the remaining non-AGN.
To test for any potential biases in our analysis, we again
draw a sample of 100 randomly selected galaxies from the
overall MaNGA galaxy sample and repeat the analysis. A
KS-test comparing the random distribution with the overall
MaNGA distribution shows that the two distributions are
statistically indistinguishable.
5 DISCUSSION
5.1 The prevalence of ionised outflow signatures
in MaNGA galaxies
With the goal of assessing the prevalence of ionised out-
flow signatures in MaNGA galaxies and MaNGA-selected
AGN, we have shown that MaNGA-selected AGN candi-
dates more frequently show enhanced [OIII] emission line
kinematics than non-AGN in MaNGA. The difference in the
gas kinematics between AGN and non-AGN galaxies is ap-
parent in a variety of tests.
By measuring the velocity width of the [OIII] emission
line at 5007A˚ W80, we have first shown that the 〈W80〉 and
W80,75th distributions of the full MaNGA sample are sig-
nificantly different from the MaNGA-selected AGN sample
and from the individual AGN subsamples. MaNGA-selected
AGN candidates tend to have higher 〈W80〉 and W80,75th
and two to three times as many MaNGA-selected AGN can-
didates show enhanced [OIII] kinematics. In particular, we
observe 2 − 3 times as many of AGN with a significant frac-
tion of spaxels with 〈W80〉 > 500 km/s compared to the
non-AGN sample. These gas velocity values are significantly
higher than what is expected from regular disk rotation. The
typical gas velocity dispersion of SDSS galaxies at z < 0.15
and log(M∗/M) < 11 is . 150 km/s corresponding to W80
values of . 380 km/s (Thomas et al. 2013; Beifiori et al.
2014; Cicone et al. 2016; U¨bler et al. 2019). This suggests
that a large fraction of the high velocity gas detected in the
MaNGA-selected AGN is due to non-gravitational motions
of the gas, potentially due to radiatively or mechanically
AGN-driven outflows.
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Figure 4. Normalised logarithmic distributions of the mean W80 measurements for each galaxy for the whole MaNGA sample, the
MaNGA-selected AGN, the AGN subsamples and the non-AGN. The small number of values below 150 km/s are removed as they are at
the limit of the instrumental resolution of the survey and not physically meaningful. We show the distribution for all MaNGA galaxies
(top left), non-AGN (top center), AGN Candidates (top right), and the AGN subsamples Seyfert-AGN (lower left), SF-AGN (lower
center), and LINER-AGN (lower right). For reference, we also show the non-AGN distribution (black dashed histogram) in the AGN and
AGN subsample panels. In the AGN and all AGN subsamples, the distributions show larger contributions from high W80 measurements,
indicative of enhanced kinematics potentially related to current or previous AGN activity.
Table 1. Mean and 75th percentile [OIII] velocity width measurements 〈W80 〉 and W80,75th of all MaNGA galaxies analysed in this
work. The column fspx reports the fraction of spaxels with high signal-to-noise S/N [OIII] emission line measurements with S/N > 10.
The last two columns report whether the source is identified as a MaNGA-selected AGN (flag1 = 1), a MaNGA non-AGN (flag1=0). If
identified as a MaNGA-selected AGN, the flag2 column denotes whether this source is a SF-AGN (flag2=2), LINER-AGN (flag2=3) or
Seyfert-AGN (flag2=4, see Section 2.2 for more details on the subsample definitions).
MaNGA ID R.A. Dec. z 〈W80 〉 W80,75th fspx flag1 flag2
(degrees) (degrees) (km/s) (km/s)
1-593159 217.629970676 52.7071590288 0.0825072 375 419 0.26 1 2
1-592984 215.718400019 40.6225967971 0.0922799 198 207 0.15 0 0
1-592881 214.647824001 44.1224317199 0.0220107 0.0 0 0
1-592881 214.647824001 44.1224317199 0.0362875 0.0 0 0
1-592743 213.110482013 45.6904101161 0.0311029 224 228 0.87 0 0
1-592049 206.299565786 23.0718639552 0.0189259 0.0 0 0
1-591474 197.580687349 47.1240556946 0.0441288 295 325 0.04 1 3
1-591248 195.01782 28.15501 0.0305763 0.0 0 0
1-591183 194.806227507 27.7746020056 0.0416588 0.0 0 0
1-591068 194.181347734 27.0347535248 0.0314488 250 254 0.14 0 0
1-591006 193.579232526 27.0680204421 0.13901 0.0 0 0
1-590159 187.063503724 44.4531321941 0.0489803 464 560 0.20 1 2
1-590053 186.11866 46.01868 0.0435213 210 210 0.68 0 0
1-589908 184.55356586 44.1732422277 0.127436 331 332 0.41 0 0
Only a portion of this table is shown here to demonstrate its form and content. A machine-readable version of the full table is available
as online material.
Most MaNGA-selected AGN are low-/intermediate-
luminosity sources with L[OII I ] ∼ 1040erg/s (Wylezalek
et al. 2018). Since the [O III] luminosity can be used as an
indicator of AGN bolometric luminosity if an AGN is present
in the galaxy (Heckman et al. 2004; Reyes et al. 2008),
this corresponds to a bolometric luminosiy Lbol,AGN ∼
1043erg/s. Recently, Fiore et al. (2017) has collected AGN
wind observations for nearly 100 AGN and shown that the
outflow velocity strongly depends on the AGN bolometric
luminosity confirming previous studies. In many intermedi-
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Figure 5. Normalised logarithmic distributions of the 75th percentile W80 measurements for each galaxy for the whole MaNGA sample,
the MaNGA-selected AGN, the AGN subsamples and the non-AGN. The small number of values below 150 km/s are removed as they
are at the limit of the instrumental resolution of the survey and not physically meaningful. We show the distribution for all MaNGA
galaxies (top left), non-AGN (top center), AGN Candidates (top right), and the AGN subsamples Seyfert-AGN (lower left), SF-AGN
(lower center), and LINER-AGN (lower right). For reference, we also show the non-AGN distribution (black dashed histogram) in the
AGN and AGN subsample panels. In the AGN and all AGN subsamples, the distributions show larger contributions from high W80
measurements, indicative of enhanced kinematics potentially related to current or previous AGN activity.
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Figure 6. Distribution of spaxel fractions for which the ratio between the single-Gaussian-based and multi-Gaussian-based velocity width
exceeds a defined threshold c. We show the normalised distributions for all MaNGA galaxies (left), non-AGN (center) and MaNGA-
selected AGN candidates (right) for a c value of 1.25.
ate luminosity AGN, such as the AGN in this work, the ve-
locities of any AGN-driven outflow therefore tend to be low
(v < 500 km/s, Lena et al. 2015; Fischer et al. 2017; Wyleza-
lek et al. 2017; Wylezalek & Morganti 2018) and single-
Gaussian measurements and measuring the velocity width
alone usually does not capture such low-velocity outflow ac-
tivity. But additional kinematic components (such as out-
flows) often leave an imprint on the overall velocity profile
of the relevant emission line ([OIII] in our case) which can be
identified by multi-component analysis of the emission lines.
By identifying MaNGA galaxies in which the [OIII] emission
line is better described by a two-component fit – compared
to the single component fit performed by the MaNGA Data
Analysis Pipeline – we have shown that MaNGA-selected
AGN require more often a multi-component model to de-
scribe their [OIII] emission line profiles suggesting an en-
hancement of broad secondary components being present.
The number of sources with outflow signatures identi-
fied in this paper is likely a lower limit. Since the analysis
in this paper only captures sources with high [OIII] velocity
widths or [OIII] velocity profiles with clear deviations from
a Gaussian profile, weak and physically small outflow sig-
natures below the spatial resolution of the MaNGA survey,
such as the ones found in Wylezalek et al. (2017), would
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Table 2. Results of the two-sided Kolmogorov-Smirnov test comparing the distributions of the ‘absolute kinematic comparison’ shown in
Figure 4 and Figure 5 and the ‘proportional kinematic comparison’ shown in Figure 6. We report the returned p-values when comparing
the full MaNGA distribution and the non-AGN distribution to the AGN and AGN subsample distributions. Low p-values < 0.01 show
that the distributions are significantly different from one another.
Absolute Kinematic Comparison (mean W80):
AGN Seyfert-AGN SF-AGN LINER-AGN Random
Full MaNGA 1.0e-23 3.4e-12 6.8e-10 4.7e-7 0.47
non-AGN 1.2e-31 2.4e-15 4.0e-13 1.5e-9 0.69
Absolute Kinematic Comparison (75th percentile W80):
AGN Seyfert-AGN SF-AGN LINER-AGN Random
Full MaNGA 4.9e-23 1.3e-11 4.2e-12 1.7e-7 0.71
non-AGN 9.8e-31 2.4e-14 9.5e-16 5.9e-10 0.98
Proportional Kinematic Comparison:
AGN Random
Full MaNGA 1.5e-4 0.30
non-AGN 5.9e-6 0.52
not be identified. A thorough modelling and subtraction of
the gas velocity fields, which is beyond the scope of this pa-
per, would be necessary to identify outflows through their
residual signatures.
Our analysis shows that enhanced gas kinematics are
clearly more prevalent in MaNGA-selected AGN than in
non-AGN, but what are possible driving mechanisms? In
low- and intermediate luminosity AGN, in which AGN-
driven outflows are not expected to be of such high velocities
that the AGN can be considered as the only possible driver,
the effect of stellar feedback and merger-induced gas flows
have to be considered as potentially contributing to the ob-
served signatures.
To examine the contribution of star formation to the
outflow activity, we show the relation between 〈W80〉 and
the star formation rate (SFR) in Figure 8. Heckman et al.
(2015) have shown that there is a strong correlation be-
tween the star formation rates and the outflow velocities of
starburst-driven winds which can be explained by a model
of a population of clouds accelerated by the combined forces
of gravity and the momentum flux from the starburst. While
Heckman et al. (2015) measure the outflow velocity as the
flux-weighted line centroid defined relative to the systemic
velocity of the galaxy, a different definition (such as a W80
measurement) would not affect the qualitative sense of their
results.
We cross-match the MaNGA catalog with the MPA-
JHU catalog and use the star formation rates reported there.
The SFRs are derived using the 4000 A˚ break of SDSS sin-
gle fibre spectra, following the method described in Brinch-
mann et al. (2004). We do not observe any significant posi-
tive correlations between SFR and 〈W80〉 for either the total
MaNGA distribution or only the AGN subsample. Especially
for the sources with 〈W80〉 > 500 km/s the star formation
rates are not high enough to explain the observed high ve-
locity widths. We also test whether there is any correlation
between the specific star formation rates and 〈W80〉 and do
not observe any.
We furthermore visually inspect all MaNGA-selected
AGN with 〈W80〉 > 500 km/s and find the merger fraction
to be ∼ 10%. We find a similar fraction for the total MaNGA
AGN candidate sample. In this analysis we have included all
galaxies in close pairs, interacting galaxies and galaxies with
visible merger signatures such as tidal tails. Rembold et al.
(2017) find an even lower merger fraction in their AGN host
galaxy sample of only a few percent.
While we cannot fully exclude that starbursts and merg-
ers contribute partially to the here observed enhanced [OIII]
kinematics, these results suggest that stellar-driven winds
and merger-induced flows are not the dominant reason for
why we observe high [OIII] velocity widths in the MaNGA-
selected AGN candidates with 〈W80〉 > 500 km/s. Further-
more, spatially resolved inflows in isolated galaxies are usu-
ally associated with low velocity dispersions of a few tens to
100 km/s (Storchi-Bergmann & Schnorr-Mu¨ller 2019), such
that it seems unlikely that the high velocity dispersions ob-
served here would be related to any inflows. The signatures
are consistent with being due to radiatively or mechanically-
driven AGN outflows. This type of analysis is more difficult
for the AGN outflow candidates that show [OIII] velocity
profiles with clear deviations from a Gaussian profile (the
ones identified in Section 4.2), but which do not necessarily
have 〈W80〉 > 500 km/s. In the following section, we assess
whether the kinematics of the additional kinematic compo-
nents with which these profiles have been modelled agree
with expectations from outflow models.
5.2 Inflow vs. Outflow?
Both types of comparisons presented in Section 4.1 and 4.2
reveal that the [OIII] kinematics of MaNGA-selected AGN
are different from the non-AGN in MaNGA. In the previous
section we have shown that the kinematics of the MaNGA
AGN with 〈W80〉 > 500 km/s are consistent with being due
to radiatively or mechanically-driven AGN outflows. In AGN
with an enhanced prevalence of secondary kinematic com-
ponents but not necessarily high [OIII] velocity widths, the
kinematic signatures could be due to either outflows or in-
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flows. In this section we determine which scenario is more
plausible.
We measure the velocity offset ∆ between vDAP and
vmed, where vmed is the median velocity of the [OIII] profile
from our multi-Gaussian fit and vDAP is the median veloc-
ity from the single-Gaussian DAP fit. For a pure Gaussian
profile or a profile with an insignificant secondary compo-
nent vDAP ' vmed and ∆v = 0. In Figure 7 we show the
distribution of ∆v values for all MaNGA spaxels that have
a velocity width W80 greater than the mean W80 of their
galaxy. This selection ensures that we only consider spaxels
where the velocity width is indicative of out- or inflowing
components. Figure 7 shows that the distribution of ∆v is
slightly skewed towards negative ∆v values when considering
all MaNGA galaxies or only non-AGN in MaNGA. However,
the distribution of ∆v values for the MaNGA-selected AGN
candidates is much more heavily skewed towards negative
values. Although sometimes redshifted emission line com-
ponents have been associated with (AGN-driven) outflows
(e.g. Mu¨ller-Sa´nchez et al. 2011; Fischer et al. 2013), be-
cause of dust attenuation blue-shifted emission line profiles
are a better probe and signature of outflowing gas.
We cannot fully exclude that in some galaxies the en-
hanced prevalence of secondary kinematic components in the
[OIII] profile is not due to AGN-driven outflows, but rather
due to signatures from mergers, bars or even inflows. But
Figure 7 shows that most secondary kinematic components
in MaNGA-selected AGN are blue-shifted secondary com-
ponents to the [OIII] profile. This is an indication that we
predominantly observe the signatures of outflows.
5.3 Non-AGN galaxies with outflow signatures
While we have shown that ∼ 2 − 3 as many MaNGA-
selected AGN show enhanced [OIII] kinematics compared
to MaNGA galaxies not selected as AGN, a significant num-
ber of MaNGA non-AGN also show enhanced [OIII] kine-
matics. We visually inspect the spatially resolved MaNGA-
BPT maps and the corresponding maps of the Hα equiva-
lent width (EW(Hα)) of all MaNGA non-AGN with 〈W80〉 >
500 km/s. All of those show BPT diagnostics consistent with
AGN and/or LI(N)ER-like line ratios. However, they exhibit
extremely low Hα equivalent widths with EW(Hα) < 3 A˚.
Cid Fernandes et al. (2010) have shown that invok-
ing the Hα equivalent width allows to differentiate between
the different ionisation mechanisms that lead to the overlap
in the LI(N)ER region of traditional diagnostic diagrams.
Based on the bimodal distribution of EW(Hα), Cid Fernan-
des et al. (2010) suggest that EW(Hα) > 3 A˚ optimally
separates true AGNs from ‘fake’ AGNs in which LI(N)ER
emission is due to hot evolved stars. As described in de-
tail in Wylezalek et al. (2018), the MaNGA AGN selection
takes this additional criterion into account which is why such
sources have not been selected as AGN candidates. We ob-
serve now that in addition to the true AGN-selected candi-
dates these ‘fake’ AGN make up the high velocity width tail
from Figure 4. This raises the question of what is driving
these kinematic peculiarities.
Typical sources that have to be considered when ob-
serving [OIII] velocity widths exceeding 500 km/s are merg-
ers (Alaghband-Zadeh et al. 2012; Harrison et al. 2012) and
outflows driven by stellar processes (Heckman et al. 2015).
Alternatively, these sources may host AGN that have not
been identified as AGN in the optical selection (Wylezalek
et al. 2018) or relic AGN (Ishibashi & Fabian 2015) in which
outflow signatures of a previous AGN episode are still im-
printed on the gas kinematics. But a visual inspection of the
optical images of these sources and the star formation rates
(see Fig. 8) do not suggest that mergers or stellar-driven
outflows are a major contributor to the observed kinematic
peculiarities.
In Figure 8 we furthermore mark objects that have
been identified as ‘passive radio sources’ (Wylezalek et al.
in prep.). These sources have infrared Vega colors, measured
with the Wide-field Infrared Survey Explorer (WISE) satel-
lite, of −0.2 < W1 −W2 < 0.3 and 0 < W2 −W3 < 2, indica-
tive of a passive galaxy population and no AGN activity
(Stern et al. 2012). But these objects have high radio-to-IR
flux ratios. This type of objects, potentially low-luminosity
radio AGN, are sometimes associated with late feedback
from AGN required to be strong enough to suppress the
late cooling flows of hot gas and keep quiescent galaxies red
and dead (Heckman & Best 2014). We now find that some
of these objects make up the low SFR, high 〈W80〉 tail in
Figure 8, suggesting that some of these identified high 〈W80〉
sources are indeed active AGN missed in the optical selec-
tion. In Wylezalek et al. in prep., we explore in detail the
relation between the multi-wavelength properties of AGN
identified using various selection criteria and their gas kine-
matics.
5.4 AGN with no outflow signatures
It is also notable, that many MaNGA-selected AGN can-
didates in this analysis do not show striking outflow sig-
natures. Nedelchev et al. (2017) investigated nearly 10000
Seyfert galaxies selected from SDSS DR7 to look for cold-
gas outflows traced by Na D, finding outflow signatures
in only 0.5% of the population compared to 0.8% of the
control galaxies. They conclude that nearby optical AGN
rarely drive kpc-scale cold-gas outflows and are not more fre-
quent than in non-AGN. Similarly, Roberts-Borsani & Sain-
tonge (2018) recently conducted a stacking analysis of the
Na D doublet of 240,567 inactive galaxies and 67,753 AGN
hosts from the SDSS DR7 survey to probe the prevalence
and characteristics of cold galactic-scale flows local galaxies.
They find little variation in either outflow or inflow detec-
tion rate between the AGN and non-AGN hosts. While this
appears somewhat at odds with the findings in this paper,
there are several plausible reasons for these different find-
ings.
The first and most obvious one is that we may not be
observing the same type of AGN and not the same type of
outflows. As described in detail in Wylezalek et al. (2018),
the AGN selection utilised in this paper is sensitive to a
more nuanced picture of AGN activity and due to the IFU
nature of the MaNGA survey, the selection allows to discover
AGN signatures at large distances from the galaxy center.
In particular, the selection allows to identify AGN candi-
dates which have been missed in the previous SDSS single
fibre surveys. Additionally, the analysis in this paper focuses
on ionised gas signatures whereas both studies cited above
investigate the prevalence of neutral outflow/inflow signa-
tures in local galaxies and AGN. While both simulations
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Figure 7. Distribution of the [OIII] velocity offsets ∆v, measuring the difference between the Gaussian-measured line-of-sight velocity
and the non-parametric line-of-sight velocity as determined from our multi-Gaussian fitting and indicating whether the emission line is
blue- or redshifted with respect to the Gaussian-measured line-of-sight velocity. We show the distributions for all galaxies in MaNGA
(upper left), the non-AGN in MaNGA (upper center), the MaNGA-selected AGN candidates (upper right) and the three AGN subsamples
(lowwo ist er row). The distribution of the MaNGA-selected AGN candidates and the three AGN subsamples are skewed towards negative
∆v values, suggesting that we predominantly observe the signatures of outflows (rather than inflows) in these sources.
and observations show that AGN-driven outflows are multi-
phase phenomena, the actual link between the different gas
phases participating in the outflow remains unknown (Guil-
lard et al. 2012; Rupke & Veilleux 2013a; Costa et al. 2015;
Santoro et al. 2018), especially because the AGN may ionise
significant fractions of the neutral gas reservoir. Therefore,
single-phase studies often lead to wrong or incomplete es-
timates of the prevalence, extent, mass, and energetics of
outflows and may therefore lead to misinterpreting their rel-
evance in galaxy evolution (Cicone et al. 2018).
Na D absorption can, for example, be subject to signifi-
cant uncertainties due to the fact that it can be probed only
where there is enough background stellar light. Studying
molecular outflows and their connection to ionised and neu-
tral atomic phases in a sample of 45 local galaxies, Fluetsch
et al. (2018) compute the ratio of the molecular to atomic
neutral outflow rates ÛMH2/ ÛMHI . They use both the Na D
absorption to compute neutral mass outflows rates and the
fine-structure line of C+, [CII]λ157.74µm, which is an al-
ternative way to probe atomic neutral outflows. They find
ÛMH2/ ÛMHI to be an order of magnitude larger when using Na
D absorption as tracer for ÛMHI compared to using [CII] as
tracer for ÛMHI . This comparison suggests that outflow detec-
tions and outflow mass measurements based on Na D absorp-
tion are likely lower limits and that a multiwavelength and
multi-phase assessment would lead to more complete and
higher values/rates (Roberts-Borsani & Saintonge 2018).
In this work, we do find a significant difference between
the prevalence of ionised outflow signatures in MaNGA-
selected AGN compared to non-AGN with larger prevalence
fractions than reported in the above cited works. For exam-
ple, we find that 25/7/2% of MaNGA-selected AGN candi-
dates have 〈W80〉 > 500/800/1000 km/s (see Section 4.1).
However, the outflow prevalence fractions are still quite low.
One of the reasons for this observation is certainly connected
to the type of AGN we are probing, which are primarily weak
AGN. Theoretical models (Zubovas & King 2012) suggest
that AGN need to provide sufficient luminosity to be able
to push the gas out of the galactic potential. This ‘thresh-
old’ nature of AGN feedback was recently also suggested by
molecular gas (Veilleux et al. 2013) and radio observations
(Zakamska & Greene 2014). Additionally, our observations
are only sensitive to outflows on galaxy-wide scales. Small-
scale outflows with the size of a few kpc would be missed
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Figure 8. Relation between the mean W80 measurements 〈W80 〉
and the star formation rates in all MaNGA galaxies (blue cirlces)
and in the MaNGA-selected AGN (red diamonds). No significant
correlation is observed in either sample suggesting that it is not
stellar-driven winds that are the dominant reason for high 〈W80 〉
in both the all MaNGa sample and the MaNGA-selected AGN.
Only sources that pass the quality cut described in Section 4.1
are plotted here.
in this analysis due to the limitations in spatial resolution
(Wylezalek et al. 2017).
In Figure 9, we show the relation between 〈W80〉 and
the total [OIII] luminosity L[OII I ] as measured from the
MaNGA observations. Although L[OII I ] can be affected by
extinction, most often from dust in the narrow-line region,
[O III] luminosities are a good indicator of total bolometric
AGN luminosity (Reyes et al. 2008; LaMassa et al. 2010).
We observe a significant positive correlation between 〈W80〉
and L[OII I ] for the MaNGA-selected AGN in this work. A
Spearman rank test results in a p−value of 1.3 × 10−10. We
do not observe such a significant correlation for the whole
MaNGA sample (p−value = 0.7). This result confirms pre-
vious observations that AGN luminosity plays a dominant
role in the launching and detection of outflows (Zakamska &
Greene 2014). Furthermore, Zubovas (2018) suggests that in
galaxies with low gas fraction, typically low redshift galax-
ies, AGN are fed by intermittent gas reservoirs, and thus
the typical AGN episode duration is short (for low-z AGN
it is expected to be on the order of 105 yrs, Schawinski
et al. 2015a; King & Nixon 2015). Since such host galaxies
are mostly devoid of gas, any outflow inflated by the AGN is
difficult to detect because they are faint. With the MaNGA
survey primarily targeting low redshift, low- and intermedi-
ate luminosity AGN, it is not unexpected that only a small
fraction of MaNGA-selected AGN selected exhibit clear and
significant outflow signatures.
5.5 Spatial distribution of the [OIII] velocity
widths
We furthermore investigate the spatial distributions of the
W80 measurements. As above, we limit our analysis to
MaNGA galaxies in which at least 10% of the spaxels
have valid [OIII] emission line measurements, i.e. a peak
S/N > 10. We then measure the mean W80 as a function of
1039 1040 1041 1042 1043
L[OIII] (erg/s)
100
1000
W
80
All Galaxies
AGN
Figure 9. Relation between the mean W80 measurements
〈W80 〉and the total [OIII] luminosities L[OI I I ] (an indicator for
the bolometric AGN luminosity) in all MaNGA galaxies (blue
cirlces) and in the MaNGA-selected AGN (red diamonds). We ob-
serve a significant positive correlation between 〈W80 〉 and L[OI I I ]
for the MaNGA-selected AGN suggesting that the AGN luminos-
ity plays a dominant role in in the launching and detection of
winds. Only sources that pass the quality cut described in Sec-
tion 4.1 are plotted here.
projected distance from the galaxies’ centres in units of ef-
fective radii Reff . By design, all MaNGA galaxies are covered
by the MaNGA footprint out to at least 1.5 Reff . In Figure
10, we show the resulting radial profiles for the AGN and
non-AGN samples, split by 〈W80〉 and L[OIII], respectively.
We observe a strong dependence of the AGN radial pro-
files on L[OIII] where the AGN with L[OIII] > 2 × 1040 erg/s
exhibit a steep rise in W80 within the inner 0.4 Reff , indica-
tive of enhanced [OIII] kinematics in the galaxy nuclei of
luminous MaNGA AGN (Figure 10, top panel). While the
less luminous MaNGA AGN candidates do not show this
steep rise in the center, both the low and higher luminosity
AGN samples show higher W80 measurements at all radii
than the non-AGN samples. The non-AGN samples show
mostly flat radial W80 profiles. We observe a tentative rise
at R < 0.4 Reff in the high luminosity non-AGN sample with
L[OIII] > 2 × 1040 erg/s, showing that the non-AGN sample
either includes AGN that have been missed in the optical se-
lection (see Section 5.2) and/or sources with strong nuclear
starbursts driving enhanced [OIII] kinematics.
Separating the AGN and non-AGN samples by their
overall mean [OIII] velocity width 〈W80〉 (Figure 10, bot-
tom panel), we observe that the radial profiles of both the
AGN and non-AGN samples with 〈W80〉 > 500 km/s are
similar across all radii. Interestingly, neither of these pro-
files exhibits a significant rise towards the center. Rather,
both profiles are relatively flat out to R = 1.5 Reff . Visu-
ally investigating the [OIII] velocity width maps of these
high 〈W80〉 sources, we indeed confirm that the high veloc-
ity width signatures encompass the MaNGA footprint, in-
dicative of large-scale enhanced [OIII] kinematics, possibly
related to galaxy-wide outflows. In these cases the radial ex-
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tent of the outflows likely exceeds the probed 1.5 Reff such
that the outflow size probed here can only be regarded as a
lower limit. These are not necessarily the most L[OIII] lumi-
nous sources as the difference of radial profiles to the AGN
and non-AGN samples with L[OIII] > 2 × 1040 erg/s shows.
While we have shown in Figure 9 that L[OIII] generally cor-
relates with 〈W80〉, consistent with what has been found in
other works (e.g. Zakamska & Greene 2014), there are some
sources within both the AGN and non-AGN MaNGA sam-
ples with low- to intermediate [OIII] luminosities that show
evidence of large-scale disturbed [OIII] kinematics. As dis-
cussed in Section 5.2 and shown in Figure 8, the ‘passive
radio sources’, possibly missed low-luminosity radio AGN,
make up a large fraction of the high 〈W80〉 population within
the non-AGN sample.
The radial velocity width profiles of the AGN and
non-AGN samples with 〈W80〉 < 500 km/s show signifi-
cantly lower W80 measurements across all radii compared
to the 〈W80〉 > 500 km/s samples. But the AGN sam-
ple with 〈W80〉 < 500 km/s consistently shows higher
W80 measurements compared to the non-AGN sample with
〈W80〉 < 500 km/s, with a slight rise of the radial profile at
R < 0.4 Reff . This confirms our previous observations that
the MaNGA-selected AGN in this work show distinct [OIII]
kinematics from the non-AGN sample with a higher preva-
lence of enhanced [OIII] kinematics.
Several attempts have been made in the literature to
quantify the size of AGN outflow regions and its relation to
AGN power or galactic potential. However, this proves to
be a difficult exercise as it is unclear what defines the ‘size’
of an outflow. For example, outflow sizes can be defined as
the spatial extent of a region above a certain velocity width
threshold (Sun et al. 2017) or edges of outflowing bubbles
(see Harrison et al. 2018, and references therein). Alterna-
tively, outflow models assuming certain geometrical shapes
of the outflowing region can be used to infer the maximum
extent of the outflowing regions and deproject velocities. For
example, Wylezalek et al. (2017) has used a bi-cone model
described in Mu¨ller-Sa´nchez et al. (2011) which consists of
two symmetrical hollow cones having interior and exterior
walls with apexes coincident with a central point source to
model the outflow in an intermediate-luminosity MaNGA-
selected AGN. However, this detailed modelling was only
enabled by higher resolution follow-up IFU observations and
is not available for all our source.
Here, we quantify the size of the outflow signatures in
AGN in the following way. In Figure 11 we show the averaged
W80 radial profiles for the different L[OIII] regimes as a func-
tion of absolute distance in kpc. Due to the different sizes of
MaNGA galaxies, these radial profiles only provide a quali-
tative measurement of the difference in ‘sizes’ of the outflow
region. We observe that in AGN with L[OIII] < 2×1040 erg/s
the averaged radial profile reaches the level of the non-AGN
at ∼ 8 kpc, whereas the radial profile of the AGN with
L[OIII] > 2 × 1040 erg/s is starting to reach the level of the
non-AGN samples at ∼ 15 kpc. We do not show the radial
profiles as a function of distance in kpc for the low and high
〈W80〉 populations (as we did in Figure 10) due to the small
sample size of the high 〈W80〉 population leading to noisy
radial profiles beyond 8 kpc.
The average [OIII] luminosities L[OIII] of the two AGN
samples shown in Figure 11 are 9 × 1039 erg/s and 2 ×
1041 erg/s, respectively, while the average W80 measure-
ments of the two AGN samples are 256 km/s and 335 km/s,
respectively. For an outflow with a velocity vgas of these av-
eraged W80 measurements, we can estimate the total kinetic
energy injection rate over the lifetime τ of the ionised gas
nebulae to be
ÛEkin =
Ekin
τ
=
Mgasv2gas
2τ
(3)
where Mgas can be estimated from the [OIII] luminos-
ity under the ‘Case B’ assumption (Osterbrock & Ferland
2006; Nesvadba et al. 2011), assuming that [OIII]/Hβ ∼ 10
(Liu et al. 2013) and adopting an electron density ne =
100 cm−3(Greene et al. 2011). The gas mass can then be
expressed as Mgas =
(
L[OI I I ]
1044erg s−1
)
· 2.82 × 109 M (Liu et al.
2013). The lifetime τ of the episode of AGN wind activ-
ity may be estimated as the travel time of clouds to reach
the observed distances of 8/15 kpc from the centre travel-
ing with the average outflow velocities vgas quoted above.
These calculations yields total kinetic energy injection rates
of ÛEkin ∼ 2 × 1038 erg/s and ∼ 5 × 10 × 1039 erg/s for the low
and high luminosity AGN samples, respectively. Although
these calculations provide order-of-magnitude estimates at
best, they show that (i) even in low/intermediate luminosity
AGN, the positive correlation between AGN power and out-
flow energetics persists as expected from models (Dempsey
& Zakamska 2018) and seen in observations (Fiore et al.
2017, and references therein) but that (ii) the feedback
processes in such low/intermediate luminosity, low redshift
AGN probed by MaNGA are unlikely to have a significant
impact on the evolution of their host galaxies, i.e. fully sup-
press star formation processes, as the kinetic coupling ef-
ficiencies ÛEkin/LAGN are  1% and most of them even
likely  0.1%. Although some theoretical models suggest
that efficiencies as low as 0.5% may be sufficient in sub-
stantially suppressing star formation in the host (e.g. Hop-
kins & Elvis 2010), most models require efficiencies of ∼ 5%
for feedback to be effective (see Harrison et al. 2018, and
references therein). However, our calculations are based on
ionised gas observations which only probe the fraction of
the gas that is in the warm ionised gas phase. This gas is
likely in dense clouds that remain largely optically thick to
the AGN ionising radiation and only a thin shell on the sur-
face of these ionisation-bounded clouds produces emission
lines (Dempsey & Zakamska 2018). Therefore, there may
be additional outflow components that are not captured by
our calculations. Over the lifetime of the AGN (typically
∼ 107 yr) and depending on the amount of cool gas present
in the individual host galaxies, such continuous and ubiqui-
tous energy injection and outflow activity may still heat a
fraction of the cool gas and delay or suppress star formation
in individual cases (Cheung et al. 2016).
5.6 Differences between AGN subsamples
In Section 4.1, we analysed the three different AGN sub-
samples introduced. We have shown that the distributions
of the mean W80 measurements 〈W80〉 of all three AGN sub-
samples are significantly different from the overall MaNGA
distribution and the non-AGN distribution (see Figure 4 and
Table 2), with the AGN distributions being more skewed to-
wards higher 〈W80〉 measurements. The same observation is
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Figure 10. Averaged radial dependence of W80 as a function
of projected distance from the galaxies’ centres in units of effec-
tive radii Reff . Top Panel: Averaged W80 radial profiles for the
AGN and non-AGN samples, split by L[OIII], respectively. Bot-
tom Panel: Averaged W80 radial profiles for the AGN and non-
AGN samples, split by 〈W80 〉, respectively.
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Figure 11. Averaged radial dependence of W80 as a function of
projected distance from the galaxies’ centres in units of kpc. We
show the radial profiles for the AGN and non-AGN samples, split
by L[OIII], respectively.
true when comparing the distributions of the 75th percentile
W80 measurements W80,75th (Figure 5).
The Seyfert-AGN and SF-AGN are different from the
full MaNGA and non-AGN distributions at a higher signifi-
cance level (lower p-values) than the LINER-AGN distribu-
tion in both the 〈W80〉 and the W80,75th comparisons (Table
2). This observation, albeit tentative, might be explained
by multiple factors. While the AGN selection method in
(Wylezalek et al. 2018) was developed such that ‘fake’ AGN
with LINER-like signatures would not be selected as AGN
candidates, the authors noted that some of the LINER-AGN
may be sources where the LINER-like photoionization sig-
natures are connected to AGN-unrelated shocks. If indeed
some of the selected LINER-AGN are related to shocks,
while the shocks themselves may be due to AGN, stellar
or merger activity (see also Wylezalek et al. 2017), then
one would expect that the LINER-AGN sample is not as
‘clean’ as the SF-AGN and Seyfert-AGN samples. Some
of the LINER-AGN may in fact not be AGN. Therefore,
LINER-AGN may show a lower rate of or different outflow
signatures.
Generally, however, we observe little difference between
the [OIII] kinematics of the three AGN subsamples. In par-
ticular, the Seyfert-AGN and SF-AGN subsamples show
very similar characteristics in their [OIII] kinematics. The
exact nature of the SF-AGN remains elusive. Various pos-
sibilities include recently turned off AGN, AGN dominated
by a nuclear starburst, off-nuclear AGN and these are cur-
rently still being investigated (Wylezalek et al. in prep.).
Our kinematic analysis suggests that the rate and nature of
weak outflows is similar in both subsamples.
6 CONCLUSION
In this work we have examined the kinematics of the
[OIII]λ5007 emission line in each spatial element of 2778 low
redshift galaxies observed as part of the SDSS-IV MaNGA
survey. Specifically, we have developed a customised fitting
method that allows to account for potential secondary kine-
matic components in the emission line profile as opposed
to the MaNGA pipeline measurements that are based on
single-Gaussian fitting. We first model the [OIII] emission
line profile using both single and double-Gaussian profiles
and evaluate the goodness of the fit based on its χ2 value.
We then utilise the non-parametric measurements W80 and
vmed to quantify the width of the emission line profile and
the line-of-sight velocity. The main purpose of this work is
to assess the prevalence of ionised gas outflow signatures in
MaNGA-selected AGN candidates. Since MaNGA-observed
AGN tend to be low- to intermediate luminosity AGN, a
careful analysis of faint broad secondary components and/or
deviations from a simple Gaussian profile need to be care-
fully assessed.
Our strategy to do so is twofold. Only considering well
detected emission lines with a signal-to-noise ratio S/N > 10,
we first measure the mean 〈W80〉 for each galaxy by averag-
ing over all valid spaxels in that galaxy. We do not consider
galaxies in which less than 10% of the spaxels have valid
[OIII] emission line measurements. We also determine the
W80 value that marks the 75th percentile of each galaxy’s
W80 distribution W80,75th. Both 〈W80〉 and W80,75th indi-
cated in an absolute fashion which galaxies show large ve-
locity widths. This type of analysis may miss galaxies with
slow/moderate outflows that are imprinted as small devia-
tions from a pure Gaussian [OIII] line profile. We therefore
also assess the fractional change between the pipeline veloc-
ity width and the [OIII] velocity width derived in this work.
Based on these derived quantities, we compare the
[OIII] kinematics in the full MaNGA sample to the non-
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AGN in MaNGA, the MaNGA-selected AGN candidates and
three subsamples of the MaNGA-selected AGN candidates.
We find the following:
• The 〈W80〉 and W80,75th distributions of the full
MaNGA sample are significantly different from the MaNGA-
selected AGN sample and from the individual AGN subsam-
ples where MaNGA-selected AGN candidates tend to show
higher 〈W80〉 and W80,75th.
• Two to three times as many MaNGA-selected AGN
candidates show enhanced [OIII] kinematics. This result
is based on determining how many galaxies/AGN show
W80 > 500/800/1000 km/s.
• MaNGA-selected AGN require more often a multi-
component model to describe their [OIII] emission line pro-
files compared to the non-AGN in MaNGA. While this re-
sult is more tentative, it suggests an enhancement of broad
secondary components being present.
• Comparing the line-of-sight velocities measured in this
work to the line-of-sight velocities measured by the MaNGA
pipeline, we find that the emission lines are predominantly
blue-shifted suggesting that the kinematic peculiarities ob-
served in this work are indeed related to outflows (rather
than inflows).
• While generally AGN show a higher prevalence of
ionised outflow signatures compared to the non-AGN in
MaNGA, there are sources not selected as AGN that do
show enhanced [OIII] kinematics. These sources do not dis-
play an enhanced merger fraction or indications that stellar
processes might be driving these outflow indicators. Such
sources may host AGN or AGN relics that have not been
identified by the optical selection methods used here. A thor-
ough multi-wavelength analysis is required to determine the
cause of these enhanced [OIII] kinematics.
• We observe a significant correlation between the [OIII]
luminosity and 〈W80〉 in the MaNGA-selected AGN, con-
firming similar measurements in other works using other
AGN samples. Based on these results it seems that AGN
need to provide sufficient luminosity to be able to launch
outflows and push the gas out of the galactic potential. Since
most AGN in MaNGA are of low-/intermediate luminosity,
it is therefore no surprise that we detect outflow signatures
in only ∼ 25% of the MaNGA-selected AGN.
• We find significant differences in the radial extent of
broad [OIII] velocity components between the MaNGA-
selected AGN and non-AGN sources. Higher luminosity
AGN are able to drive larger scale outflows than lower lu-
minosity AGN in agreement with in previous studies. The
kinetic coupling efficiencies ÛEkin/LAGN in MaNGA-selected
AGN which are predominantly low- and intermediate lumi-
nosity sources are  1% which might imply that these AGN
are unlikely to have a significant impact on the evolution of
their host galaxies. However, these estimates are lower limits
since we are likely missing a large fraction of the outflowing
gas that is not in the here probed warm ionised gas phase.
Over the lifetime of the AGN, continuous energy injection
and outflow activity may still heat a fraction of the cool gas
and delay or suppress star formation in individual cases even
when the AGN is weak.
This work shows that ionised outflow signatures are
more prevalent in MaNGA-selected AGN than in non-
AGN. Much of this work has only been possible due to
the added spatial dimension provided by the MaNGA IFU
data and shows that outflow and feedback signatures in low-
luminosity, low-redshift AGN may previously have been un-
derestimated.
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